This study supports the hypothesis that healthy older adults exhibit decreased endogenous pain inhibition compared to younger healthy controls. Twenty-two older adults (56-77 years of age) and 27 controls aged 20-49 participated in five experimental sessions following a training session. Each experimental session consisted of five 60-s trials in which the experimental heat stimulus was presented to the thenar eminence of the left palm with or without a conditioning stimulus (cold-water immersion of the foot). The temperature for the palm (44-49°C) and foot (8-16°C) was customized for each subject. The intensity of experimental pain produced by the contact thermode was continuously measured during the 60-s trial with an electronic visual analogue scale. No significant associations were found between subjects rating of concentration and the overall inhibitory effect. Older subjects failed to demonstrate conditioned pain modulation (CPM) and showed facilitation in the trials using painful concurrent immersion of the foot. A novel aspect of the study was that we recorded ''pain offset" (i.e., after-sensations) and found that ratings for the older sample decreased at a slower rate than observed for the group of younger adults suggesting increased central sensitization among the older sample. Decrements in CPM could contribute to the greater prevalence of pain in older age. Since a number of neurotransmitter systems are involved in pain modulation, it is possible age-related differences in CPM are due to functional changes in these systems in a number of areas within the neuroaxis. Ó
a b s t r a c t
This study supports the hypothesis that healthy older adults exhibit decreased endogenous pain inhibition compared to younger healthy controls. Twenty-two older adults (56-77 years of age) and 27 controls aged 20-49 participated in five experimental sessions following a training session. Each experimental session consisted of five 60-s trials in which the experimental heat stimulus was presented to the thenar eminence of the left palm with or without a conditioning stimulus (cold-water immersion of the foot). The temperature for the palm (44-49°C) and foot (8-16°C) was customized for each subject. The intensity of experimental pain produced by the contact thermode was continuously measured during the 60-s trial with an electronic visual analogue scale. No significant associations were found between subjects rating of concentration and the overall inhibitory effect. Older subjects failed to demonstrate conditioned pain modulation (CPM) and showed facilitation in the trials using painful concurrent immersion of the foot. A novel aspect of the study was that we recorded ''pain offset" (i.e., after-sensations) and found that ratings for the older sample decreased at a slower rate than observed for the group of younger adults suggesting increased central sensitization among the older sample. Decrements in CPM could contribute to the greater prevalence of pain in older age. Since a number of neurotransmitter systems are involved in pain modulation, it is possible age-related differences in CPM are due to functional changes in these systems in a number of areas within the neuroaxis.
Ó 2010 International Association for the Study of Pain. Published by Elsevier B.V. All rights reserved.
Introduction
Aging is a dynamic process in which physiological and psychological components undergo alternations and compensations in function and structure, including components involved in pain sensation. In a review of the prevalence of chronic pain, Verhaak et al. [61] concluded that chronic pain generally increased with age, with studies usually reporting peak prevalence between the ages of 45 and 65 years, depending on the pain condition. A study in Holland found that more than 50% of persons aged 65 years and older reported current pain and of these, more than half report pain in multiple sites [44] . A more telling finding was that the acute/chronic pain ratio shifts more toward chronic pain with age [20] .
One explanation for increased clinical pain in older populations is that aging is associated with greater sensitivity to painful stimuli. However, several reviews have reported an increase, a decrease or stability of pain thresholds associated with aging [21, 22] . Measures of pain sensitivity may not optimally characterize agerelated changes in pain processing; therefore experimental methods designed to test changes in pain modulatory mechanisms need to be examined. Studies of dysfunction in the human pain response have begun to use laboratory protocols that involve pain inhibition [5, 31, 32, 34, 35, 38, 42, 53, 63, 66] . The phenomenon of diffuse noxious inhibitory controls (DNICs) implicates the existence of an endogenous pain modulation system in humans. The basic principle of DNIC is ''pain-inhibition-by-pain" where pain in a local area (experimental stimulus) is inhibited by a second pain (conditioning stimulus) that can be anywhere else in the body [65] . We use the term ''conditioned pain modulation" (CPM) to refer to this phenomenon.
Three studies have reported reduced pain inhibition associated with age using protocols consistent with CPM. Washington et al. [62] found that the effects of cold-water immersion of the hand on subsequently tested pain threshold were significantly less in older adults compared with young adults. Another study by Edwards et al. [16] tested the effects of concurrent coldwater immersion of the hand on temporal summation. They
